Abstract. We used butterfly assemblages to evaluate the ecological value of habitat mosaics within garrigue ecosystems in Cyprus. To understand the importance of the local plant communities for Cypriot butterflies, five plots in each of two habitat types (grassdominated or shrub-dominated) were surveyed weekly for a period of five months in order to assess the abundance, species richness and diversity of butterflies. A total of 810 butterflies of 16 species were recorded. Indices of butterfly diversity, calculated across the whole season, were similar between grassland and shrubland dominated mosaics. However, species richness of all butterflies was consistently higher in grassland dominated mosaics throughout the whole season. The peak abundance of all butterfly species occurred during mid-season (late April -early May), with similar numbers observed in both habitat types. However, a greater abundance was observed during early and late season in grassland patches. The abundance of endemic species (Maniola cypricola, Hipparchia cypriensis, Glaucopsyche paphos) peaked earlier in the season in shrubland patches, but was higher in grassland patches in late season. This difference in seasonal timing of endemic abundance was dominated by the seasonal dynamics of M. cypricola. These results suggest that, while garrigue is characterised by its shrub flora, management to maintain a mosaic of grassland and shrubland could act to maximise the abundance and richness of indicator species groups of conservation importance.
INTRODUCTION
The Mediterranean region has been recognized as one of the 18 world biodiversity "hotspots", holding the world's second highest percentage of endemic species (Myers, 1990; Blondel & Aronson, 2004) . The area is surrounded by mountain landscapes, covered by scrub and woodlands, and is home to approximately 25,000 species of flowering plants, of which 1,300 are endemic. Conservation strategies within the Mediterranean Basin play a crucial role, due to the fact that the Mediterranean region is the world's leading tourist destination (Ornat & Correas, 2003) . Mass tourism and its resultant commercial developments have led to seriously degraded landscapes and a dramatic loss of natural habitats (Myers et al., 2000; Ornat & Correas, 2003) .
Island faunas and floras have always been of great concern for conservationists Dennis et al., 2008) as they often possess high levels of diversity and endemism. Cyprus is the third largest island in the Mediterranean Sea, situated at the north-eastern end of the Eastern Mediterranean Basin, and is one of the European hotspots of biodiversity and endemism (Medail & Quezel, 1999; Myers et al., 2000; Nadin, 2008) . It covers an area of 9251 km 2 and is divisible into four geomorphologic zones; the Kyrenia range, the Troodos mountains, the Mesoria plain (positioned between the Kyrenia range and Troodos mountains), and the Mamonia complex in south west Cyprus (Phillips & Bracewell, 2001; Tsintides et al., 2002; USAID, 2006) . The Cypriot fauna includes 11 species of land mammals, 27 species of amphibians and reptiles, 370 species of birds, and a great variety of invertebrates (USAID, 2006) . Typical of many islands, Cyprus has a large number of endemic plant species (Tsintides et al., 2002) . To date in Cyprus, 52 species of butterflies have been recorded (John et al., 2006) . This includes three endemic species (Maniola cypricola, Hipparchia cypriensis, Glaucopsyche paphos) and two endemic subspecies (Hipparchia syriaca cypriaca and Chazara briseis larnacana) (Olivier, 1993; Makris, 2003; John et al., 2006) . Two of the endemic species M. cypricola and G. paphos are of European Conservation Concern (van Swaay & Warren, 1999) .
The vegetation in Cyprus is diverse, constituting woody plants, pine forests, sclerophyllous evergreens, high and low maquis, phrygana and, of most relevance to this research, garrigue (USAID, 2006; Tsintides et al., 2002) . Garrigue is composed of evergreen sclerophyllous or lauriphyllous shrub vegetation, with an open canopy structure and some bare ground, usually with many winter annuals and vernal geophytes. Eastern garrigues are shrub-like formations including Pistacia lentiscus, Myrtus communis, Calicotome villosa and Sarcopterium spinosum . On the northern coast of Cyprus, garrigue ecosystems vary from shrub-dominated habitat patches to grassland-dominated patches. The importance of this patchy mosaic of habitat types within the garrigue, to indicator species of biodiversity, has gained very little research attention.
It is widely understood that grasslands and shrublands are among the biologically richest ecosystems in Europe, in particular those of the Mediterranean Basin (Stefanescu et al., 2005; Zamora et al., 2007) . A study on priority sites for conservation of European butterflies showed that threatened butterfly species are present mainly in alpine/subalpine grassland, dry grassland and humid grassland areas (van Swaay & Warren, 2006) . Other research indicates that Lycaenids are known to fly preferably in rather open habitats, such as flowery and grassy meadows (Grill et al., 2005) . These grassland habitats are degraded by development pressures and changes in mountain grassland management regimes (Grill et al., 2002) . Grassland habitats in Cyprus provide important host plant communities for larvae of two of the endemic butterfly species (M. cypricola and H. cypriensis) (John & Parker, 2002; Makris, 2003) .
Here we use a case study of butterfly abundance and behaviour in garrigue habitats, in order to clarify the importance of grassland-shrubland mosaics for endemic butterfly species. Butterflies are popular indicator species for ecologists and conservationists, because they are charismatic, and relatively easy to identify and sample (Ulrich & Buszko, 2003) . Butterflies are commonly used as important ecological indicators for biodiversity measures in various ecosystems (Beccaloni & Gaston, 1995; Lewis et al., 1998; Dover et al., 2000; Grill et al., 2005; Özden et al., 2008) . Despite this international research effort on butterflies, there is still a paucity of research on the ecology of endemic butterfly species in Cyprus.
We compared the diversity, species richness, and seasonal dynamics of butterfly abundance/activity, between grassland and shrubland patches within the Cypriot garrigue ecosystem. Also, we recorded the behaviour of endemic butterflies and their preferred plant species, ie. on which plants do they prefer to rest or feed? Our research area constitutes one of the most important areas for wildlife on the Cyprus north-west coastline, which has Special Protected Area status and is where typical Mediterranean ecosystems, including grassland-shrubland mosaics, occur. Butterfly assemblages were used to evaluate the conservation value of the grassland patches within the garrigue ecosystem in Cyprus with the secondary aim of extending knowledge on the ecology of endemic species. We addressed the following questions: (1) Where are butterflies more abundant, in grassland dominated or in shrubland dominated habitats? (2) Do the endemic species prefer certain habitat types? (3) On which plant species do endemics prefer to rest or feed?
MATERIAL AND METHODS

Study area
This study was carried out in the north-west region of Cyprus; at the western end of the Kyrenia range (close to Kayalar village), where typical Mediterranean ecosystems are still subject to agricultural activities (sheep and goat grazing) (Fig. 1) . The area has recently been designated as a potential Natura 2000 site, as it has a very high ecological value, is covered by garrigue and maquis ecosystems, and is currently declared as a Special Protected Area by the local government. 
Field methods
During this study ten different plots were established in the area, with each plot surveyed weekly between March and July, 2007. The plots were chosen with a minimum distance of 20 m from each other. In each plot we marked a central point, and observed the butterflies within 10 m radius from this centre for a total of 15 min, between 10:00 -14:00 in order to identify their resting locations or nectaring resources within each plot. We identified the main plant species occurring in each plot and categorised plots as grassland or shrubland (Table 1) . Grassland dominated habitats consisted of >60% grass cover and <40% shrub cover. Shrubland dominated habitats consisted of >60% shrub cover and <40% grass cover. Each habitat type had five replicates. The altitude of study plots ranged from 40 to 120 m.
Data recording
During the observation period, the total number of butterfly species in each plot was recorded. We recognise that the number of butterflies observed could describe both butterfly density and butterfly activity, but we simplify further discussion by using the term "abundance". The activity (flying, resting or nectaring) of each endemic butterfly species was also noted. When it was not possible to identify them in flight, a specimen was captured using a sweep net and identified in the field using Makris (2003) and Tolman (2001) . In addition to this, the plant species on which endemic butterflies were found were recorded in order to determine those preferred for resting or nectaring. Plant species were identified using Viney (1994). Wind speed (Beaufort scale) and the weather conditions were also recorded on each survey day.
Data analysis
We analyzed the relationships between butterfly abundance, species richness and habitat type using generalised linear mixed modelling and model simplification using R 2.5.1 software. We analysed abundance of all recorded butterfly species and all endemic species (Maniola cypricola, Hipparchia cypriensis and Glaucopsyche paphos), relating abundance, diversity and spe- cies richness to habitat type, week, wind speed and weather conditions. Repeated visits to the same plots throughout the season resulted in repeated measures of butterfly abundance and species richness. We accounted for this by including plot as a random effect in our models. Recognising that butterfly abundance and richness increased and then decreased as the season progressed, we fitted week as both a linear and a quadratic fixed effect. We modelled counts of butterfly individuals or species using a Poisson error structure, which was never overdispersed. To test the significance of habitat type we removed the interactions between habitat and the quadratic effect of week number, and between habitat and the linear effect of week number, from maximum likelihood versions of the mixed effects models (according to Crawley, 2007) , and compared models with and without these interactions using likelihood ratio tests. Similar model simplification tests were also used to assess the significance of wind speed and weather conditions on each response variable.
Finally, we used Simpson's Diversity Index (1-D), applied to the whole-season counts of each butterfly species in each plot, to quantify the butterfly diversity found in each different habitat type using generalised linear modelling with a Gaussian error structure.
RESULTS
Butterfly abundance during the surveys in different habitat types
During the surveys, a total of 810 individual butterflies from 16 species were recorded across the ten different plots in the Kayalar village region of Cyprus. A total of 502 individuals (61.9%) and 14 different species were recorded in grassland dominated habitats and 308 (38.1%) individuals and 15 different species were recorded in shrubland dominated habitats. During this study Pieris brassicae (186), Maniola cypricola (174) and Artogeia rapae (138) were the three most abundant species observed (for a complete list see Table 2 ).
Weekly data for the spring-summer of 2007 from both habitat types indicate that the highest butterfly abundance occurred between Week 9 and Week 11 which related to the end of April -beginning of May (Fig. 2 
Abundance of all butterflies
We found a significant effect of the habitat type on butterfly abundance, described as an interaction between habitat and the quadratic and linear effect of survey week. In general, there were more individuals present in grassland mosaics than in shrubland mosaics and this statistical interaction demonstrates a longer butterfly season in grassland dominated habitats ( Fig. 2 and Table 3 ). Abundance of all butterflies was not influenced by wind speed. There was however a very significant effect regarding the presence of sun, with more individuals recorded on sunny days as opposed to cloudy days (Table 3) .
Abundance of all endemic butterflies
Habitat type had a significant effect on the number of endemic butterflies, due to an interaction between habitat and both quadratic and linear effect of the week (Table   3 ). The abundance of endemics was generally higher in grassland dominated habitats, with a more prolonged season in the grasslands (Fig. 3) . The abundance of endemic butterflies was also influenced by wind speed (Table 3) , with fewer endemics observed on windier days. We tested the weather condition (sunny, partly cloudy or cloudy) effect on butterfly abundance and found that more endemic butterflies were seen on sunny days (Table  3) .
Species richness of the butterflies
There was a significant effect of the habitat type on butterfly species richness, due to interactions between habitat type and the quadratic effect of week, and also between habitat and the linear effect of week (Table 3 ). The number of butterfly species observed was higher in grassland mosaics than in shrubland mosaics. Also, the species richness was higher in grasslands at the beginning and end of the season, compared to shrublands (Fig. 4) . There was no detectable effect of wind on species richness, although species richness was higher on sunny days in both types of habitat within the garrigue ecosystem (Table 3) .
Abundance of Maniola cypricola
We used the same analysis framework for M. cypricola as we used in our previous analysis. There was a significant effect of the habitat type on the abundance of M. cypricola ( Fig. 5 and Table 3 ). We also observed fewer M. cypricola on windy days, but more on sunny days (Table 3) .
Abundance of Hipparchia cypriensis
The same model framework was used to analyse the abundance of H. cypriensis in different habitat types. There was a significant effect of the habitat type on the abundance of H. cypriensis due to the interaction between habitat type and the quadratic effect of week. However in this case the interaction between habitat type and the linear effect of week was not significant (Fig. 6 and Table  4 ). We found no significant effect of wind or sun on the abundance of H. cypriensis.
Simpson's Index of Diversity
We analysed Simpson's Index of Diversity in grassland and shrubland habitats using a General Linear Model (GLM). Diversity was not significantly different in the two different habitat types (F1,8 = 0.0515, p = 0.8261).
Records on behaviour of endemic butterflies
During the surveys, 107 M. cypricola were recorded in grassland habitat plots and 67 in shrubland. This result was expected as its larval host plants are meadow grasses (Poaceae Family, Makris, 2003) . M. cypricola specimens were recorded nectaring on Eryngium creticum, Cistus spp. and Teucrium micropoidoides flowers. Teucrium micropoidoides is an aromatic plant and endemic to Cyprus (Viney, 1994) . Also, M. cypricola was observed mainly resting on Pistacia lentiscus, Thymus capitatus and various grass spp. (Table 4 and 5). The other Cypriot Satyrid species, H. cypriensis was also recorded in higher numbers in grassland dominated habitats (39) than shrubland dominated habitats (2): its larval host plants are also meadow grasses (John & Parker, 2002; Makris, 2003, Table 4) . During these observations H. cypriensis was only found resting on olive tree trunks. The other endemic species of Cyprus, Glaucopsyche paphos (Lycaenidae), was recorded in similar numbers from both habitat types and was only recorded in flight.
DISCUSSION
We studied the seasonal dynamics of butterfly abundance and species richness in grassland and shrubland mosaic patches within the garrigue ecosystem of the north-western part of Cyprus. We found that the diversity of butterflies was similar between these two habitats when measured across the whole season. However, grassland dominated garrigue patches harboured consistently more species than shrubland patches. This was not surprising, as all Satyridae family butterflies in Cyprus rely on Poaceae family grasses as a food plant (Makris, 2003) . Furthermore, the abundance of butterflies was higher in grassland patches than in shrubland patches during early and late phases of the main butterfly flight season. This may be due to higher air temperatures in grassland in the early season, or the use of open areas to search for mates. In the late, hot season, butterflies may be resting in the shade of shrubs in shrubland patches, making them less conspicuous.
The abundance of endemic butterflies was also significantly higher in grassland dominated mosaics, with a longer season than in shrubland dominated mosaics. Particularly M. cypricola was more abundant in grasslands than in shrublands during the late phase of the season. The larval host plants of Cypriot endemics (Maniola cypricola and Hipparchia cypriensis) consist of various plant species from the Poaceae family. Adults of both these endemic species prefer to feed on Rockrose (Cistus creticus) flowers (John & Parker, 2002; Makris, 2003) . The larval host plants of the other endemic butterfly species of Cyprus (Glaucopsyche paphos) are Genista sphaceleta and Calycotome villosa bushes (Makris, 2003) . Maniola cypricola and Hipparchia cypriensis were both recorded in higher numbers in grassland patches when compared with shrubland patches. The peak number of M. cypricola was similar in both habitat types: this is possibly due to the emergence of adults at the end of April, which coincides with the flowering of Cistus ssp. Also, most of the M. cypricola butterflies in grassland habitats were recorded while they were resting on the shrub Pistacia lentiscus. It appears that the endemic butterflies of Cyprus prefer to use heterogeneous grassland and shrubland habitats, which has also been shown in Sardinian endemics (Grill et al., 2005) . If we look at non-endemic species in Cyprus, many of the Lycaenidae, Pieridae and Satyridae species prefer shrubland habitats especially when resting and nectaring (Makris, 2003; Özden et al., 2008) .
Many butterfly species are negatively affected by changes in mountain grassland management in the Mediterranean region (Grill et al., 2002) . The major threats to these grassland habitats are agricultural intensification, overgrazing, fire and building development (Grill et al., 2002; Stefenascu et al., 2004) . Currently, the major threat to garrigue habitats in Cyprus is the uncontrolled building development which is occurring along the northern coast of the island.
Our results suggest not only that the garrigue ecosystem is an important habitat for endemic butterfly species, but also that it is very important to conserve mosaics of shrubland and grassland habitats for all Cypriot butterfly species. Grassland patches have a very high ecological value, as they consist of many larval host plants for the Cypriot butterflies and also they may be important for them for other functions, such as adult feeding (nectaring) resources and/or mating locations. Shrubland patches, on the other hand, contain key plant species for nectaring, resting and shelter.
In conclusion, the results presented in this paper provide valuable information on Cypriot butterflies and their close relationship with the grassland-shrubland mosaics in garrigue ecosystem. This information should be used by local authorities when implementing management plans of the EU Habitats Directive within this northwestern Special Protected Area. It is well known that host plants are important for butterfly conservation. However, it is equally important to know their preferred nectaring, roosting, resting, mating plant species or appropriate physical structures (such as rocks and bare ground) (Shreeve et al., 2004; Tudor et al., 2004) . Further research is needed in order to discover which plant species and habitats are the preferred sources of nectar for butterflies in this type of ecosystem, particularly for endemics over a longer time frame.
Our results provide not only valuable knowledge about the important habitats for Cypriot butterflies, but additionally highlight the need for their conservation in the face of large scale building developments along this coastal region.
